The objective of the present study was to conduct the genetic characterization of nine experimental chicken lines based on multilocus microsatellite analysis. Commercial chicken lines were also analyzed in order to compare their levels of genetic uniformity with those of the experimental lines. In six experimental lines, more than 80% of genotyped loci showed fixed allele for all individuals in each line, whereas only 17.5% of genotyped loci were fixed in commercial lines, at the maximum. One of experimental lines (GSN/1) was categorized as a highly inbred line on the basis of all individuals having the same, single allele at every microsatellite locus. Genetic information obtained from the present study should be helpful for the utilization and management of experimental chicken resources.
Mice and rats are the most important and widely used laboratory animals in various fields of research. The chicken is also a valuable vertebrate model because of some advantages such as a high rate of embryo production, defined genotypes and phenotypes, ZW female sex determination, and a compact genome [2] . Additionally, the chicken is the first avian species to have had its genome sequenced [5] . To date, many specialized experimental chicken lines have been established and they have contributed to significant advances in biological and agricultural sciences [3] . For example, inbred and congenic lines have been used for the identification of genes controlling resistance to chicken disease [1] .
Despite their high importance, the number of experimental poultry resources including chickens continues to be decrease [2] . For example, a survey documented that at least 10 experimental poultry resources disappeared from North America during the first 9 months of 2005 and that 30 resources disappeared during 2004 [2] . In addition, the establishment of specialized chicken lines, in particular inbred lines, is laborious, because it takes a large amount of time to achieve genetic uniformity. Domesticated bird species generally undergo inbreeding depression caused by continuous mating among related individuals (e.g., full-sib mating). Hence, existing experimental resources are highly valuable.
In Japan, several experimental chicken resources including inbred lines have been maintained at Nagoya University Avian Bioscience Research Center (NU-ABRC) (http://www.agr.nagoya-u.ac.jp/~abrc/). In the -Note-establishment of these lines, genetic uniformity of individuals in each line was promoted by fixing red blood cell types detected by isoimmune sera, various plant lectins, and a few virus agglutinins. For future utilization and sustainable management of these resources, individual resources will need precise characterization at the DNA level.
In the present study, we assessed the degree of inbreeding in nine experimental chicken resources, which include inbred lines established by long-term pedigree mating, based on microsatellite analysis. The level of microsatellite polymorphisms in experimental lines was compared with that of commercial chicken lines (commonly used layers and broilers).
In total, nine experimental chicken lines, WL-G, BL-E, RIR-Y8/NU, AL-NU, BM-C, YL, PNP/Do, GSP, and GSN/1, which are now kept at the Nagoya University Avian Bioscience Research Center (NUABRC) (http:// www.agr.nagoya-u.ac.jp/~abrc/), were investigated. The breeding history, fixed allele in the B blood group, and inbreeding coefficient of these lines are summarized in Table 1 . More information and the genetic characteristics of these lines can be obtained from the NUABRC website (http://www.agr.nagoya-u.ac.jp/%7Eabrc/bioresourse.html) and other articles [6, 7] . Five lines (BM-C, YL, PNP/Do, GSP, and GSN/1) have been established by pedigree mating for around 40 years [6, 7] . The four lines excluding YL have a more than 90% inbreeding coefficient based on the band sharing (BS) value detected by amplified fragment length polymorphism (AFLP) analysis [6, 7] . The detailed pedigrees of these five lines are described elsewhere [11, 12] . The remaining four lines (WL-G, BL-E, RIR-Y8/NU, and AL-NU) have been maintained as a random-bred closed colony over 30-50 years (http://www.agr.nagoya-u.ac.jp/~abrc/). To evaluate the genetic uniformity of the experimental [6, 7, 12] . ND= not determined.
b) Based on band sharing (BS) value detected by AFLP analysis [6, 7] . ND= not determined. c) Based on restriction fragment length polymorphism analysis (data by M. Mizutani). More information is available from the NUABRC website (http://www.agr.nagoya-u.ac.jp/%7Eabrc/bioresourse.html) and other articles [6, 7] . (n=20) (n=16) (n=24) (n=16) (n=23) (n=23) (n=23) (n=24) (n=28) (n=48) (n=48) (n=41) (n=47) (n=48) lines, commercial chicken lines were also analyzed for comparison. These were two white egg layers (WEL-1 and WEL-2), one brown egg layer (BEL), and two broilers (BR-1 and BR-2). These five lines, selected for quantitative traits, are commonly used for egg and meat production by the Japanese poultry industry. Genomic DNA of individual birds was extracted from whole blood by the standard phenol-chloroform method [8] . In consideration of genome coverage and degree of polymorphism, we selected the same 40 microsatellite markers as our previous study [9] . We used 16-28 birds per experimental line and 41-48 birds per commercial line for genotyping. The procedures of PCR amplification and genotyping were described in a previous article [10] . In order to assess the genetic uniformity of each line, the mean number of alleles per locus (MNA), the number of fixed loci, and the mean observed heterozygosity [4] were estimated using a Microsatellite Toolkit (http:// animalgenomics.ucd.ie/sdepark/ms-toolkit/). Table 2 shows the allelic distribution of 40 microsatellite loci and within-line heterozygosity of the experimental and commercial lines. Except for three experimental lines (WL-G, RIR-Y8/NU, and AL-NU), more than 80% of genotyped microsatellite loci were fixed [ranging from 84.6% (BL-E) to 100% (GSN/1)] in the experimental lines. In contrast, the proportion of fixed loci in the five commercial lines was 17.5% at the maximum. Except for RIR-Y8/NU, heterozygosities estimated in the experimental lines were considerably low [ranging from 0.000 (GSN/1) to 0.193 (WL-G)], in marked contrast to those of commercial lines [ranging from 0.517 (WEL-1) to 0.708 (BR-2)].
GENETIC UNIFoRMITY oF EXPERIMENTAL CHICKENS
High levels of degree of inbreeding (low MNA, large number of fixed loci, and low heterozygosity) were observed in the lines established/maintained by long-term pedigree mating (BM-C, YL, PNP/Do, GSP, and GSN/1). In the microsatellite analysis by Zhou and Lamont [13] , heterozygosity of the world's first long-term successful inbred chicken lines (lines 8-42, 19-45, and 19-46 initiated in 1925) were 0.023, 0.000, and 0.000, respectively. In the present study, similar heterozygosity values were obtained (BM-C=0.030, YL=0.035, PNP/ Do=0.023, GSP=0.032, and GSN/1=0.000). This indicates that these five lines have high levels of genetic uniformity and that they are valuable chicken resources for biological research. In particular, GSN/1 is classified as a highly inbred line because every locus was fixed in all individuals.
On the other hand, lines established through random mating (WL-G, BL-E, RIR-Y8/NU, and AL-NU) showed low or intermediate degrees of inbreeding. In particular, RIR-Y8/NU showed the lowest degrees of inbreeding; that is, 75% of genotyped loci were polymorphic together with higher heterozygosity (0.348). RIR-Y8/NU might be classified as a low-order commercial line rather than an experimental line. To promote higher genetic uniformity, this line will need further inbreeding and selection.
The results obtained in the present study will be useful for the management of the experimental lines mentioned above. In concrete terms, designed mating based on microsatellite information of individual birds will be useful for promoting the genetic uniformity of these experimental lines.
